Prostate cancer (PCa) is the second leading cause of death among men worldwide. Androgen signaling plays key roles in PCa progression [@bib1], and so far available therapeutic agents mainly target androgens or androgen receptor (AR) [@bib2]. However, the patients receiving these treatments often recurs with progression to castration resistant prostate cancer (CRPC) [@bib3]. Metastatic CRPC (mCRPC) is the advanced and lethal stage of PCa [@bib4]. Recent advances in the field show that immune checkpoint blockade (ICB) is the paramount choice for targeting many types of cancers including PCa [@bib4], [@bib5], [@bib6]. ICB generates effective therapeutic response across certain cancers [@bib5], whereas it failed to improve overall survival of patients with mCRPC [@bib7]. To address this challenge, one recent study by Lu and colleagues [@bib8] has demonstrated an ICB approach combined with targeted drugs for myeloid-derived immune suppressive cells (MDSCs), thereby enforcing the T cells to combat mCRPC tumor cells [@bib8]. The authors have shown that, MDSCs are recruited to tumor microenvironment (TME) and exert immune suppressive impact on T cells. MDSCs immune suppression can be prevented using targeted drugs combined with ICB. The landmark strategy introduced by authors is a step towards solving the problem of drug resistance and ICB evasion in PCa and its progression to mCRPC.

Previous studies revealed that ICB improves overall survival in melanoma. In ICB antibodies against cytotoxic-T-lymphocyte-associated protein 4 (CTLA4) and programmed cell death 1/programmed cell death 1 ligand 1 (PD1/PD-L1), target the surface CTLA4 and PD1/PD-L1 receptors thereby stimulating and inhibiting the production of cytokines, interleukin-2 (IL-2) and interferon-γ (IFN-γ) respectively [@bib5], [@bib9]. IL-2 production and IFN-γ inhibition, increase T cell proliferation, restore activated T cell response and reduce immunosuppression, cumulatively activating the immune response against tumor cells [@bib9]. However, mCRPC shows resistance against ICB, due to MDSCs [@bib10] that are major component of TME with immunosuppressive activity [@bib11]. Mouse (*Pten*^pc−/−^ and *smad4*^pc−/−^) model of PCa tumors indicated that chemokine CXCL5 recruits MDSCs to TME, which enables PCa tumor initiation and progression [@bib10].

In this current study, Lu and colleagues developed a chimeric mCRPC mouse model (CPPSML) for effective testing of combination immunotherapy. CPPSML chimeric mouse with prostate tumors when subjected to androgen deprivation therapy developed primary CRPC and progressed to mCRPC with metastasis in lymph nodes and lungs. These mCRPC mice were treated with tyrosine kinase inhibitors (dasatinib and cabozantinib) and the phosphoinositide 3-kinase (PI3K)/mTOR dual inhibitor BEZ235 combined with ICB. The cabozantinib and BEZ235 combined with ICB restricted primary and metastatic PCa growth through restricted tumor cell proliferation and apoptosis. Further investigation in CPPSML PCa tumors revealed accumulation of granulocytic MDSCs (Gr-MDSCs), which were significantly reduced upon targeted drug treatment. MDSCs depletion with anti-Gr1 antibody sensitized CPPSML PCa tumors to ICB. Findings suggested that MDSCs generate resistance to ICB, whereas targeted drug treatment enhances ICB through abating MDSCs [@bib8] \[[Fig. 1](#fig1){ref-type="fig"}, left\].Figure 1**Targeted drugs for MDSCs combined with ICB help T cells to fight against mCRPC tumors *in vivo***. Targeted drugs cabozantinib (tyrosine kinase inhibitor), BEZ235 (PI3K/mTOR dual inhibitor), PI-3065 (P110δ-selective inhibitor), GSK2636771 (P110β-selective inhibitor) and SX-682 (CXCR1/2 inhibitor) restrict the immune suppressive activity of MDSCs by inhibiting PI3K signaling pathway and MDSCs recruiting cytokines, and reducing the expression of immune suppressive genes. ICB increases T cell proliferation, restore activated T cell response and reduce immunosuppression thereby activating a strong immune response against mCRPC tumor cells *in vivo*. ICB combined with targeted drugs have synergistic efficacy on CRPC in chimeric mouse model. The combined immunotherapy strategy may be applied for treating the human mCRPC patients. CRPC, castration resistant prostate cancer; ICB, immune checkpoint blockade; MDSC, myeloid-derived immune suppressive cell; mCRPC, metastatic CRPC.Figure 1

Mechanistic evaluation in CPPSML PCa tumors revealed that targeted agents reduce suppressive activity of intratumoural MDSCs through various mechanisms. Targeted drugs alleviate suppressive activity of MDSCs on proliferation of CD4^+^ and CD8^+^ T cells that are vital in ICB. These agents inhibit PI3K signaling pathway in both MDSCs and tumor cells through reducing phosphorylated MET (pMET) and phosphorylated vascular endothelial growth factor receptor 2 (pVEGFR2) levels. Target drugs plus ICB reduced levels of MDSCs recruiting cytokines such as CCL5, CCL12, CD40 and hepatocyte growth factor (HGF), and increase levels of MDSCs recruitment inhibitors such as IL-1ra, CD142, and vascular endothelial growth factor (VEGF). Previous studies have validated that cytokines production by tumor cells upregulate expression of certain genes such as *Arg1*, *Cybb*, *Ncf1*, and *Ncf4* that are responsible for MDSCs induced immune suppression. Those genes were found highly expressed in CPPSML PCa tumors. Target drugs together with ICB treatment significantly downregulated production of 10 cytokines including CCL5. However, when MDSCs isolated from CRPC tumors were treated with each of 10 cytokines upregulated the expression of immunosuppressive genes was significantly upregulated. Additionally, the biopsy samples of PCa tumor analysis showed the frequency of CD8^+^ T cells inversely correlated with the frequency of Gr-MDSCs, which is consistent with antagonistic activity of Gr-MDSCs on CD8^+^ T cells in human PCa [@bib8]. Altogether, these findings suggest that one way (ICB) is not enough, a combinatorial (ICB + target drugs) immunotherapy needs to be applied to fight against mCRPC, where targeted agents can empower the T cell army to eliminate tumor cells in the reported mouse models ([Fig. 1](#fig1){ref-type="fig"}, left), and potentially in human patients with mCRPC ([Fig. 1](#fig1){ref-type="fig"}, right).

For efficient combinatorial immunotherapy testing, the development of a CPPSML chimeric mCRPC model in mice is admirable. However, it is practically unrealistic to have CPPSML-like genotype in PCa patients. The possible solution for this weakness is to test combinatorial therapy (ICB + target drugs) on suitable human mCRPC samples. In addition, patient samples taken at different stages of disease may help in determining the effectiveness of therapy in stage dependent manner. Furthermore, as indicated in original article [@bib8], the combined immunotherapy need clinical trials for its implementation.
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